The purpose of this paper is to evaluate L2 (second language) learners' proficiency objectively. It was examined to estimate language proficiency using 94 statistics extracted from English conversation data on Japanese English learners' groups in educational institutions. To estimate the Japanese learner's English proficiency expressed as Global Rating scores of the Common European Framework of Reference for Languages (CEFR), the statistics were extracted automatically and/or manually, and were classified into 5 subcategories such as range, accuracy, fluency, interaction and coherence.
Introduction
A number of approaches have been proposed to evaluate second language (L2) learners' proficiency. In the field of education, statistical methods including data mining or machine learning are often adopted. These methods plays major roles in finding, extracting and analyzing both L2 learners' learning information such as patterns or processes from speech data (1) - (3) . Furthermore, the L2 learners' proficiencies can be predicted by combining the data mining methods and L2 learner' data (4) - (8) . These results are expected to feedback to many educational scenes in order to improve in studying and teaching approaches possible for both learners and educators more effectively.
From the standpoint of quality engineering, ranking candidates and selecting criteria that influence in evaluating best students are conducted based on their suitability for MBA program by using Mahalanobis-Taguchi System (MTS) approach of Mahalanobis-Taguchi (MT) methods (9) adding Mahalanobis Distance (MD), orthogonal array (OA) and the signal/noise (SN) ratio as its outputs. Correcting evaluation for learning efforts and results of every subjects in medical course students is tried by using Recognition-Taguchi method and the Mahalanobis Distance (MD) as its output (10) .
A lot of conventional researched analyze the correlations between evaluation scores rated by human raters and statistical measures or values extracted from evaluating items. These evaluation scores are estimated by consisting of statistical models such as multivariate regression models, based on the correlations between the evaluation scores and data of the evaluating items. As generating these models depends on quality and quantity of learning data highly, shortcomings such as multicollinearity or overfitting are caused in some cases.
In this study, in order to the shortcomings suppress, an estimation experiment of the L2 learners' proficiency is conducted after compressing learning data and increasing information quantity as much as possible. The learning data of 5 subcategories such as range, accuracy, fluency, interaction and coherence are analyzed using Recognition-Taguchi method, and sensitivity βs are extracted as output. Furthermore correlation between the sensitivity βs and L2 learners' CEFR Global Rating scores are analyzed. The sensitivity βs are used for parameters for the estimation experiment with multiple-regression model and their usability is confirmed for objective evaluation of L2 learners' proficiency.
This study proceeds as follows. In Section 2, data analysis, statistical extraction methods for the estimation parameters of the L2 learners' proficiencies, and experimental setup for predicting their proficiency scores are described. In Section 3, the analytical and experimental results are presented. Finally, in Section 4, the findings and further works for discussion are summarized.
Research Data, Analysis Method and
Experimental Design
Research Data
The data collection for this study is composed of English conversation data recorded from groups of Japanese English learners at educational institutions. The data set are collected and constructed as follows. The participants are 135 students from seven schools among three types of educational institutions: two junior high schools, two senior high schools, and three universities in Japan. They are divided into a total of 45 groups of three students each. Each group comprises three students who are each randomly chosen from one of the participating junior high schools, senior high schools, and universities, respectively. The three students interact orally as a group for five minutes on a given topic, such as family, friends, hobbies, English, and culture. Their English conversations are recorded in video format, transcribed manually, and extracted into 94 statistical measures, including the number of used tokens, types and parts of speech, utterance duration time, and number of syllables for each the student. And then, the extracted 94 statistical values are respectively classified into the following 5 subcategories in the CEFR rating scales: range, accuracy, fluency, interaction and coherence, as shown in Table 1 (11) .
Proficiency ratings are given to the students by ten raters who are all Japanese teachers or lecturers of English having at least a master's degree in the field of English education or applied linguistics and teaching English at either high schools or universities. The ratings are assigned for a global category and 5 subcategories in the CEFR rating scales: range, accuracy, fluency, interaction, and coherence. The rating criteria corresponding to the seven CEFR levels: Below A1, A1, A2, B1, B2, C1 and C2 on both the Global Oral Assessment Scale and Oral Assessment Criteria Grid. Below A1 shows the lowest ability and C2 indicates the highest ability in the general proficiency rating. The categorical scores of Below A1 up to C2 given by the raters are converted into numerical values using the Rasch model, which is a normalization method generally used in educational fields (12) . Global of these values are used as the evaluation values for analysis and estimation in this research. The normalized CEFR Global Rating scores' distribution is shown in Figure 1 . 
Analysis Method
Recognition-Taguchi (RT) method is used for an analysis method in this study. The method is one of Mahalanobis-Taguchi (MT) methods used in quality engineering field as a pattern recognition method (13) . When using the method, data in a certain condition is measured in many times and a unit space for the condition is generated. Information composed of the unit space is called a member.
As for members comprising the unit space, quantities known as standard S/N ratio η and sensitivity β are defined based on a model of quality engineering. Using these quantities, distances related to the unit space are defined in accordance with the RT method. By being calculated and compared with distances in relation to unit spaces on unknown data, it is determined which unit space the unknown data is classified to. Standard S/N ratio η is a concept which evaluates stability of action or reaction under a non-liner system. Its quantity is also an index showing a degree of adaptation to an origin regression in the action or reaction. Sensitivity β is a value indicating gradient of the origin regression formula. In this study, the total 94 statistics of L2 learner's language proficiency are narrowed to the 2 quantities of the standard S/N ratio η and the sensitivity β. Each the learner's relationship between average values of the total 94 statistics and those values is transformed to an origin regression formula. It is expected that proficient-graded learner's sensitivity β value is more than that of poor-graded learner as the proficient-graded learner's statistics may exceed the average values of the total 94 statistics in many cases. When correlation between the sensitivity β and L2 learners' actual CEFR Global Rating scores is found out, L2 Learners' proficiency evaluation can be conducted using the RT method.
In the correlation analysis between the learners' CEFR Global Rating scores and the L2 learners' sensitivity βs, the statistical characteristics of the sensitivity βs are researched. The applicability of the sensitivity βs for parameters estimating the L2 learners' proficiencies is investigated in the predicting experiment.
Predicting Experiment
An experiment for estimating the learners' Global scores is conducted based on the L2 learners' sensitivity βs. A multiple-regression model is used as linear-regression method. The estimated scores are compared with the learner's actual Global scores to verify the precision of the 
Analytical and Experimental Results

Correlation Analysis Result
The L2 learners' sensitivity βs were calculated in each the 5 subcategories. 4 of them showed correlation coefficients of being higher than 0.650 to the learners' CEFR Global Rating scores, as illustrated in Table 2 . As for the accuracy, its sensitivity β showed few correlation coefficients to the learners' CEFR Global Rating scores. The reason is that accuracy rating items in the 5 subcategories have a lot of data with low differentials, and that each the accuracy rating items' correlation coefficients to the scores are ranged from 0.000 to 0.230. For the example, Figure 2 scatter plot shows correlation between Global scores and the sensitivity βs extracted from the coherence.
Predicting Experiment Result
In the predicting experiment, in accordance with the above-mentioned 4 of 5 sensitivity βs on the range, fluency, interaction and coherence were chosen as estimation parameters for the learners' proficiencies. The research data were divided in to each 3 groups of 45 learners. Based on a linear-regression method, a multiple-regression model was built and a predicting experiment was conducted in cross-validation. The estimated scores obtained from the experiment were compared with the L2 learner's actual Global rating scores to verify the precision of the model. The overall correlation with the actual values of the estimated scores was 0.901, as shown in both Table 3 and Figure 3 .
On the first comparative experiment using a multiple-regression model, 13 statistics with higher correlations to the CEFR Global Rating scores were selected from the 4-subcategory-item data except the accuracy. 7 of the statistics had positive correlations of being more than 0.700 to the scores. The 3 others contained negative correlations of being less than 0.400 to the scores as there was no statistics indicating negative ones of being less than 0.500. The experiment was performed according to the same procedure as above, and the overall correlation with the actual values of the estimated scores was 0.892, as shown in both Table 4 and Figure 4 .
As for the second comparative experiment using a neural network, 82 statistics, namely all of the 4-subcategory-item data except the accuracy were used as input information. A three-layer-feedforward neural network was applied, and the number of units in the middle layer was 82. The experiment was carried out by following the same procedure as above, and the overall correlation with the actual values of the estimated scores was 0.918, as shown in Figure 5 .
As the experimental results, the accuracy of the estimating method used in this study is lower than that of non-linear prediction method. However, it is considered that calculation amount can be reduced and sufficient precision is assured from the viewpoint of process efficiency. 
Conclusions
To estimate the English learner's proficiencies, the adaptability of statistical measures extracted from English conversation data of groups of Japanese English learners in educational institutions is examined. The statistical measures are based on five subcategories in the CEFR Rating Scales: range, accuracy, fluency, interaction and coherence. The statistical measures called sensitivity βs were calculated in each subcategories by Recognition-Taguchi method. A correspondence relation between these sensitivity βs and the CEFR Global Rating scores were analyzed, and the correlation was observed.
By using a multiple-regression model, the learners' English proficiency scores (CEFR Global Rating scores) were predicted. The predicted scores of the learners showed a high overall correlation of 0.901 to their actual scores. In addition, 2 comparative experiments with conventional methods were executed for verifying prediction accuracy. These results indicate the usefulness of the statistical measures that were obtained with the Recognition-Taguchi method for the estimation of L2 learners' proficiencies.
In this study, predictions of L2 learners' proficiency scores were attempted by using both a Recognition-Taguchi method and a linear-regression method. Discrimination of L2 learners' proficiencies will be researched using Mahalanobis-Taguchi (MT) methods in future studies. Regarding discrimination, a decision tree method is conventionally used. This method has attempted to improve discrimination accuracy by manipulating the complexity parameter through the pruning and reduction of rating items. However, reducing rating items limits the quantity of information available for evaluation. As a result, on the borders of neighboring rating categories, the accuracy rate decreases. Outputs of Recognition-Taguchi method are summarized from the L2 learners' data, which means that all information in each rating category is collected without information loss. In the next work, the Recognition-Taguchi method will be applied to this kind of discrimination problem in L2 learners' proficiency evaluation instead of the decision tree method.
